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(71) We, MiDLAND-RoSS CCHIPORA- 

TiON, a corporation organised and existing 
under the Laws of the State of Ohio. United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
whidi it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to a piston rmg 
assembly and more particularly but not ex- 
clusively to piston rings of the type used 
for compression of gases such as with pis- 
tons of reciprocating air compressors. 

Rings which are used for compression pur- 
poses with pistons and cylinders are usually 
of the split type which in their free state 
have a gap between the ends of die rmg 
and are larger in diameter ^an the cylinder. 
The rings are compressed radially inward to 
fit within a groove in the piston and the 
tendency for the ring to resume its original 
shape exerts a radial outward force to seat 
the face of the ring against the cylinder 
wall. The gap is reduced and the ends are 
closely adjacent to each other. Neverthe- 
less, when a single rmg is used in a piston 
groove, lubricating oil passes through the 
gap toward the cylinder head on the suc- 
tion or downward stroke of the piston and 
the gases in the cylinder head leak from the 
head through the gap upon the compression 
or upward stroke. In an effort to avoid 
this problem rings have been formed with 
ends of various configurations. Also efforts 
have been made to use two rings in a single 
groove with the two gaps diametrically op- 
posed to form a more torturous path for 
the passage of oil or compressed gases. Such 
40 arrangements have relied on interlocking 
rmg portions which have made the rings 
difiicult to make and expensive or have re- 
quired the use of two rings of different con- 
figurations which is undesirable from an 
assembly and replacement standpoint. 

In addition to the sealing between the 
cyhnder wall and the ring, it also is neces- 
sary to maintain sealing between the ring 
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and the piston. This usually is accom- 
plished by utilizing rmgs and grooves of 
very precise dimensions so that a close fit 
is provided. Such fits, however, impose fric- 
tional loads between the walls of the groove 
and the ring which must be overcome by 
the radial outward biasmg of the ring which 
is needed for producing face pressure against 
the cylinder wall. Because of this it some- 
times is necessary to use additional spring 
devices to supplcmwit the sprmg force of 
the rings. 

During the compression stroke of a piston, 
the pressure of the gases may be relied upon 
to increase the face pressure between the 
ring and the cylinder wall but diis action is 
not available during the suction stroke of 
the piston at which time gases are drawn 
into the head of the cylinder. Such opera- 
tion also is not available at other times 
with air compressors of the type used to 
supply the brake systems of motor vehicles. 
Such compressors usually are reciprocated 
continuously but compress air withm a fixed 
predetermined range as demand requires. 
As a result the action of compressed gases 
is not available to assist sealing forces dur- 
ing a majority of the time that the piston 
is reciprocated. 

According to the present invention, we 
provide a piston ring assembly for use in a 
ring groove of a piston within a cylinder 
including at least two split rings, one dis- 
posed above the other, each ring having an 
upper flat surface, a lower flat surface paral- 
lel to the upper surface, an outer cylindrical 
surface contiguous with the edges of said 
upper and lower flat surfaces and extendmg 
at an angle not greater than 90** from said 
lower surface, an inner cylindrical surface 
contiguous with the opposite edge of said 
lower surface, said inner surface extending 
generally perpendicularly from said lower 
surface and being relieved to define a cham- 
fer at its intersection with said upper sur- 
face; said assembly havmg a free state de- 
fined by a transversely-extending gap in 
each ring and an assembled state in which 
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the rings are compressed radially inwardly 
to reduce said gap^ and assume an upwardly 
dished shape; said assembled state being 
defined by the upper surface of said lower 

5 ring being in substantially complete contact 
with the lower surface of said upper ring, 
said lower ring being in line contact with 
and bearing against Sie lower annular sur- 
face of said groove at the intersection of 

10 said lower ring's lower surface with its inner 
surface, said upper ring having its upper 
surface in line contact with and baring 
agamst the upper edge of said groove so 
that the radial compression force of said 

15 rings in their assembled state biasses the 
edges at the junction of each ring's lower 
and outer surfaces so that in operation these 
edges make line contact with said cylinder 
wall. 

20 As disclosed herein, a pair of split rings 
of similar cross section are disposed in a 
single groove in the piston so that the gaps 
are angularly displaced relative to each other 
to minimize the passage of oU and gases so 
25 that each ring can act independently to form 
a complete seal with the piston without im- 
posing unnecessary frictional forces which 
detract from the radial pressure which the 
rings impose on the cylinder wall. The 
30 radial pressure is applied to the cylinder 
at spaced annular lines of contact which 
not only improves the sealing and the oil 
wiping action, but also the rings act to 
form an annular oil retaining cavity against 
35 the cylinder wall for controlled lubrication. 
The invention will be better understood 
from die following description given with 
reference to the drawings in which:— 
Figure 1 is a cross sectional view of one 
4U example of a piston with the ring assembly 
of the present invention. 

Figure 2 is a greatly enlarged portion of 
one of the ring assemblies in Figure 1 show- 
mg the relationship to a cylinder wall; and 
45 ^ Figure 3 is a top plan view of one rine 
m Its free unassembled state. 

As seen in Figure 1. a compressor piston 
of generally conventional configuration is 
designated at 10. . The piston 10 is gener- 
50 ally cup shaped with a cylindrical outer 
wall 12 and diametrically opposed apertured 
bosses 14. only one of which is shown, for 
receiving the opposite ends of the usual con- 
necting rod wrist pin 16. 
55 The piston 10 is shown with upper and 
lower compression ring grooves 18 located 
m the outer wall 12 of the piston 10 above 
the wrist pin 16 and an oil rmg assembly 
20 located below the wrist pin 16 in the 
oU skirt 21. The compression ring grooves 18 
each have an upper annular wall 22 and a 
lower annular wall 24 which are generally 
parallel to each other and a cylindrical wall 
26 at the root of the ring grooves 18. Upper 
05 and lower is meant to refer toward the heai 



end and toward the skirt end of a piston 
respectively, since the piston could recipro- 
cate on an axis other than vertical. 

Disposed in each compression ring groove 
18 are an upper ring 28 and a lower ring 70 
30. The rings 28 and 30 are generally rect- 
angular in cross-section and each ring has 
a relatively narrow upper face 32 and a rela- 
tively wider lower face 34 which is parallel 
to the upper face 32, Each rmg 28 and 75 
30 has an outer face surface 36 which is 
tapered so that the outer face is at an 
angle of not greater than 90 degrees with 
the lower face 34. Each ring dso has an 
inner wall surface 37 which merges with an 80 
inside beveled surface 38. 

In the free state of the rings 28 and 30. 
one of which is shown m Figure 3, there is 
a wide gap between the ends 40. Upon 
assembly of the rings 28 and 30 into a ring 85 
groove 18 and positioning of the piston 10 
into a cylinder whidi is designated at 42 in 
Figure 2, tiie gaps in tfie rings 28 and 30 
are closed so that the split ends 40 of die 
rings are closely adjacent to each other. 90 
Moreover, as the rings 28 and 30 are biased 
radially inward to fit within the ring groove 
18 and within the cylinder 42, the rings 
become twisted to assume an angled or 
dished position so that in cross-section as 95 
seen in Figure 2, the upper and lower faces 
32 and 34 of each of the rings 28 and 30 
remain parallel to each other but are dis- 
posed at an angle to the upper and lower 
groove walls 22 and 24. Such rings are 100 
known as positive twist rmgs and when the 
pdr of rings 28 and 30 are disposed in their 
respective ring grooves 18, the split portion 
formed by tlie ends 40 of flie upper ring 28 
is disposed diametrically opposite the gap ^05 
formed by the split ends 40 of flie lower 
ring 30. 

As will be seen from Hgure 2. tiie rings 
are disposed in their respective grooves 18 
so that the lower face 34 of the upper ring ^'0 
28 and the upper face 32 of the lower rine 
30 engage each other with full contact An 
edge 44 on each of the rings 28 and 30 
which is formed at the juncture of the outer 
face 36 and lower face 34 engages the wall 
of the cylinder 42. Also tiie upper face 32 
of the upper ring 28 engages an annular 
edge 46 formed on tiie piston 10 by the 
juncture of the upper wall 22 of the groove 
18 and the outer cylindrical side wall 12 of ^-^0 
the piston 10. Each of the rmgs 28 and 
30 also has an annular edge 48 of the lower 
face 34 and the inner wall 37. The annular 
edge 48 of the lower rmg 30 engages the 
lower wall 24 of the rmg groove 18. 125 

When the pairs of rings 28 and 30 are 
assembled into then: respective rmg grooves 
18. they are compressed radially inwardly 
which causes the rings to assume the twisted 
I position illustrated in Figure 2, which re- 130 
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suits in the rings being slightly dished. This 
causes the rings 28 and 30 to be tightly 
pressed together and to exert pressure axi- 
ally of the piston 10 at the upper annular 
5 edge 46 and in an opposite direction at the 
lower annular edge 48 of the lower ring 
30. The lines of contact at the annular 
edge 46 and in an opposite direction at the 
48 of the lower rmg 30 form effective seals 
10 between the piston 10 and the rings 28 and 
30. At the same time, the bottom face 34 
of the upper ring 28 forms an effective seal 
with the upper face 32 of the lower ring 30. 
Also the edge 44 of each of the rings 28 
1^ and 30 forms a seal with the wall of the 
cylinder 42. Each pair of rings 28 and 30 
forms an annular chamber SO defined by 
the outer face 36 of the lower ring 30, a 
radial outer portion of the bottom face 34 
20 of the upper ring 28 and the wall of the 
cylinder 42 between the ring edges 44. 

Each of the rings 28 and 30 acts gener- 
ally independently of each other to provide 
seals between the piston and the cylinder. 
2^ The upper ring 28 provides a line contact 
seal at the annular edge 46 and the lower 
ring 30 provides a line contact seal at the 
annular edge 48. Because the rings act 
independenfly of each other to accomplish 
^0 their sealing function, tlie necessity of main- 
taining the upper wall 22 and the lower 
wall 24 of the ring grooves 18 in perfect 
parallel alignment is not as critical as when 
^. a single ring is used. 

During reciprocation of the piston 10 in 
its cylinder 42, effective seals are provided 
at the edges 44, the annular edges 46 and 
48, and the two mating surfaces 34 and 32. 
During the downward stroke of the piston 
40 10, the edges 44 act to scrape oil which 
has accumulated on the side walls of the 
cylinder 42 and leave a very thin film. At 
the same time oil is retained in the cavity 
50 to afford ample lubrication. 
45 During compression on the upward move- 
ment of the piston 10, the high pressure in 
the cylinder head causes the rings 28 and 30 
to be distorted dovmwardly so that the edges 
44 are pressed into tight engagement with 
50 the wall of the cylinder 42 to increase the 
sealing action. However, when the piston 
10 is moving downwardly on the suction 
stroke or when the compressor is being re- 
ciprocated but air is not being compressed, 
55 such high pressure is not available to in- 
crease the sealing pressure of the edges 44. 
As a consequence, the resiliency of the rings 
tendmg to assume their free state must be 
relied on to exert a radial force to mam- 
60 tain the edges 44 in tigjit engagement with 
the walls of the cylinder 42. Such outward 
expansion or force is impeded only by the 
friction between the upper ring 28 at the an- 
nular edge 46 and between the lower ring 30 
65 at the annular edge 48. In the present ar- 



rangement, the frictional effect is minimized 
since each ring acts independently at only 
one annular line of contact. By contrast, 
a single ring in a single groove would have 
two lines of contact and consequently greater 70 
resistance to radial outward movement of 
the rings 28 and 30. 

One of the sources of leakage between 
the bottom and the top of a piston is the 
gap formed by the ends of a ring. In the 75 
present arrangement such leakage is mini- 
mized by positioning the gaps 180 degrees 
apart at the time the rings 28 and 30 are 
assembled in their grooves 18. This rela- 
tionship is retained permanenty during the 80 
life of the rings, apparently due to the large 
surface area of contact between the lower 
face 32 of the upper rmg 28 and the upper 
face 32 of the lower ring 30. The large 
area of contact prevents rotation of the rings 85 
28 and 30 relative to each other and main- 
tains the gaps formed by the ends 40 in their 
assembled position. 

In the piston ring assembly specifically 
disclosed, a pair of positive twist rings are 90 
disposed in a single groove in such a man- 
ner that the gaps are maintained in their 
assembled, diametrically opposed state to 
mmimize gas or oil passage and the rings 
each exert force separately in opposite 95 
directions to form line contact seals wifti 
the piston but without substantially dimin- 
ishing the radial force pressing the ring 
edges into tight sealing engagement with the 
cylinder. The edges 44 of the ring assembly 100 
also helps to form an annular ofi retafaiing 
cavity to lubricate the cylmder wall. 

WHAT WE CLAIM IS:— 

1. A piston ring assembly for use m a 105 
ring groove of a piston withm a cylinder 
including at least two split rings, one dis- 
posed above the other, each ring having an 
upper flat surface, a lower flat surface paral- 
lel to the upper surface, an outer cylindrical 110 
surface contiguous with the edges of said 
upper and lower flat surfaces and extending 
at an angle not greater than 90° from said 
lower surface, an inner cylindrical surface 
contiguous with the opposite edge of said 115 
lower surface, said inner surface extending 
generally perpendicularly from said lower 
surface and being relieved to define a cham- 
fer at its intersection with said upper sur- 
face: said assembly having a free state de- 120 
fined by a transversely-extending gap in 
each ring and an assembled state in which 
the rmgs are compressed radially inwardly 
to reduce said gap and assume an upwardly 
dished shape: said assembled state being 125 
defined by the upper surface of said lower 
ring being in substantially complete contact 
with the lower surface of said upper ring, 
said lower ring being in line contact with 
and bearing against the lower annular sur- 130 
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face of said groove at the intersection of 
said lower ring's lower surface with its inner 
surface, said upper ring having its upper 
surface in line contact with and bearing 
against the upper edge of said groove so 
that the radial compression force of said 
rmgs in their assembled state biasses the 
edges at the junction of each ring's lower 
and outer surfaces so that in operation these 
edges make line contact with said cylinder 
wall. 

2. The ring assembly of daim 1 in which 
the outer surface forms an acute an^e with 
said lower surface of each ring; and m whidi 
the lower rin§ is disposed furdier radially 
inwardly withm said grove than the lower 
surface of the upper ring to define in cross- 
sectional configuration a V-shaped oil fihn 
retention cavity between each ring's outer 
surface and the cylinder wall. 

3. A piston ring assembly according to 



claun 1 or 2 in which the gap of one of 
the rings is disposed in angularly offset 
relation to the gap of the other of the 
rings. 25 

4. An assembly according to claim 3 in 
which the gaps of the two rings are approxi- 
mately 180^ offset. 

5. An air compressor including a piston 
ring assembly according to any one of 30 
clauns 1 — 4. 

6. A piston ring assembly substantially 
as herembefore described wi& reference to 
and as illustrated in the accompanying 
drawmgs. 35 
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